Illinois  ![nstitii.ije 

of  Tedmoiogy 

UNIVERS)TV  UBRARBES 


AT  274 

Turley,  E.  W. 
Experimental  work  on  the 
reduction  of  cottonseed  oil 


FOR  USE  m  u 


rif^nn' 


Uik^l-'ik 


1. 


ECPERILIEITTAL   -':ORE 
on 

THE  KEDUCTIOIT   01'   COTTOITSEED   OIL 
A      THESIS 


ILLINOIS  INSTITUTE  OF  TECHNOLOGY 
presented     Toy  p^^yL  V.  GALVIN  UBR/\RY 

E.  \7.     TUELEY  35  WEST  33RD  STREET 

CHICAGO,  IL  6061-6 


to   the 
PRESILEin:  Aim  TACULTY 
of 

ak:ode  incTiTUTE  or  techiiology 

Eor  the  degree   of 
BACHELOR  OP  SCIELTCE   IIT  CItELZECAL  EITGIITEERIHG 
Having  completed  the  i-'rescrilDed  coarse   of   study  in 
CI-EEMICAL  EIIGIIIEERIITG 
1912 


Approved; 


o^t?.^ 


^ioM  ly^Su/y .  k^^^,v 


2. 


TABLE  OP  COITTEITTS; 


PAG-E 

PART  I.  4 

Introduction  5 

Crisco 

Cottonseed  Oil  6 

PART  II.  14 

Introdu-ction  15 

The  or;,'   of  catalytic  resections  16 

PART   III.  39 

Alexander  de   Kemptinne  40 

Pliilipp   Sch.'./oerer  41 

Tred  Bedford  43 

E.    C.   Kayser  ^^ 

Carl  Paal  48 

liose  V.'irDusclie\:itsch.  53 

Car let on  Ellis  54 

Ered  Bedford  54 
A.   A.    Shukoff 

PAET   IV.  55 

Eundaarientals  56 

PAET  V.  59 

Introduction  61 
Ajjparatus  for  reduction  and  filtering  61 
Colloidal  suspension  of  platinum  in  v/ater  64 
Colloidal  suspension  of  platinum  in  cotton- 
seed oil  ^9 
Colloidal  susrjension  of  nickel  in  cotton- 
seed oil  and  water  70 
Preijaraticn  of  catalyzer  usin-  Kieselguhr  71 
Eun^llo.  1  72 
Run  ITo.  2  74 
Run  ITo.  3  76 

PART  VI.  77 

Conclusions  78 

Bibilograpliy  79 

23488 


3. 


LIST 
of 

ILLUSTRATIONS. 


PAaE 


PLATE  I.  60 

PLATE  II,  65 


4. 


PAET  I. 
Tliere   is   only   one  lard  compound  on 
the  market   containing  reduced  cottonseed 
oil,   na-mely   "Crisco." 
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E  X  P  E  R  I  H  E  IT  T  A  L     \.'  0  R  K 
on 
REIiUCTIOlT        of      COT  TO  IT  SEED     OIL. 

I   IT  T  R  0  I)  U   C   T   I    0  IT. 

The  reduction  of   cottonseed  oil  on  a 
coriiiiiercial  "basis  has  "been  in  use  aloout   one 
year.        Tliis  \;ork  is   the  direct  result   of  jnany 
years   os   scientific  research,  in  the  field  of  pure 
chemistry''.        It   is  not   the  v;orl:  of  a   sin^jle  iria.n, 
"but   the  v'ork  of  many  tli£.t  has  teen  assenibled  "by 
a  few  men  ^.'ho  he.Te   succeeded  in  realising  a  pro- 
cess  of  reduction  the.t   is  xj^ractical  and  profita- 
ble  to  "be  used  coiiiiaercially, 

-his  prolDlem  of  reduction  involves  a  tho- 
rough and  careful   study  of   organic   chemistrj'',    che- 
ruical  dynamics   or  catalysis,  mechanics,    electricity, 
design  and  prs.ctical  bu^:iness  kno\/ledge.      Therefore 
this  is  a  true  prol-'lern  in  Chemical  Engineering, 

This  prololem  is   in  its   infa-ncy.        The  packing 
houses  are   the   concerns  most   interested.        Their 
cheirdsts   consider  this   one  of   the  most   imv.ortant 
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p-rolDlenis, 

The  only  compound  ol'  reduced  cottonseed 
oil  on  the  ms^rket  at  present  is  "Crisco." 
This  is  made  "by  Proctor  <?c  Gamlole  Coriipa,ny  of 
Ivorydale ,  Ohio,   They  are  workin:-;  under  th.e 
patents  of  an  -'n"li simian.   There  is  no  American 
to  date  tliat  has  taken  out  a  patent  relating  to 
this  suhject, 

"Crisco"  has  none  of  the  olDjectionatle 
features  v/hich  are  cliaracteristic  of  lard  and 
ls.rd  corapound.   Crisco  may  "be  heated  to  455°!F 
v.'ithout  smoking,  while  'cutter  smokes  a.t   3£9°r 
and  lard  at  400°P.   Lard  heated  to  455°  is  dis- 
colored and  a  great  quantity  of  oTojectionc.ljle 
smoke  and  odor  is  given  off,   Crisco  is  an 
economical  healthful  lard  su"bstitute  \7hich  does 
not  absorb:  odors  and  gives  to  foods  a  delicate 
and  delightful  flavor. 

In  the  process  of  reduction  the  iodine  numToer 
may  oe  made  zero,  Lut  as  some  le.rge  de&.lers  tell 
us  that  the  peoi-le  do  not  like  a  suTostance  that  is 
tasteless  the  iodine  number  need  not  be  reduced  to 
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z.ero,   Tliis  reduced  suTo stance  may   liave  its 
iodine  number  reduced  to  zero  and  Toe  used  as 
a  "basis  for  other  productions  v;Mch.  require  cer- 
tain consistency  and  an  odorless  and  tasteless 
i^oundation. 

Cottonseed  oil  is  obitained  by  e.^q^ression 
from  th.e  seeds  of  the  various  kinds  of  cotton 
T'.lants  srov.Ti  e^ctensi-vely  in  America,  Egypt 
and  India,   The  oil  is  the  zm.in   product  of  the 

seeds.   Its  specific  gravity  at  15°C.=  0,9229- 

C 

Saponf  iw.tion  ve.lue  =  193  j  Iodine  value  =115; 

Titre  at  0°C,  =  33.6;  Refractive  index  at  20°C. 

-  I,  4721.    One  ton  of  seed  yields  250  pounds 

of  crude  oil. 

Crude  oil 300  pounds. 

Calce - — .. 750 

Lint - 20 

Hulls 800 

Loss  of  \:aste ■ —120 

Total 2000 

Cottonseed  oil  consists  chiefly  of  the 
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glycerides  of  oleic  and  linolic  acids,  tJae  latter 
as  is   indicated  ty   the  iodine  value,  "being  pre- 
sent in  greater  proportion  tlian  in  olive  oil  and 
ejnounting  to  a'cout  17;';^  or  18;'-'  of  the  total  fatty 
acids. 

Oil  contained  in  cottonseeds  (Lewl:owitscli) 
Kernels   Husks         Oil  from 

Y.aiole  Seed   Kernels   Husks 
60.0;I   40. 0;?     21.98;^     37.41^i   0.67^;: 
'Jince   Alkalis  are  used  in  refining  cottonseed 
oil,  it  is  practically  free  froir.  fatty  acids.   The 
amount  of'stearine"  left  in  the  oil  determines  the 
proportion  of  gl^-cerides  of  solid  fa.tty  acids  in 
the  oil  and  the  percentEige  of  solid  fatty 

acids  va,ry  from  22,3  to  32.6/.',    The  solid  fatty 
acids  consist  chiefly  of  palmitic  acid;  small  quan- 
tities of  stearic  acid  have  also  teen  identified. 
xTo  linolenic  heicamloromides  ha.ve  "been  ootained  from 
cottonseed  oil,  linolenic  acids  may  "be  considered 
as  a"bsent.   The  litjuid  fatty  acids  seem  to  consist 
of  oleic  and  linolic  acid  only.   The  j.-roportion  of 
the  mixed  fatty  acids  calculated  from  the  isolated 


linolic   tetraloro:nide  \7as  found  to  Toe  18,45yc 
to  21Jo.        Prom  the  liquid  fatty  acids  Farn- 
steiner   o'otained  linolic   tetra"broi:iide   corres- 
ponding to   23. G,"^:'  linolic  acid.        Prom  the  per- 
centage composition  of  23.45J.  linolic  acid  and 
76. 55^"^   oleic   acid  v/ould  follow  the   ce-lculated 
iodine  value   of   the  liquid  fatty  acids  =   III, 5, 
Since   direct   e:q)eriments  lead  to   the  approxima,te 
iodine  value   of   the  liquid  fatty  acids   of  at out 
150,    the   cjnount   linolic   tetratromide  found  v/ould 
appear  to   oe  much  "belov/  the   truth  and  further  ex- 
periments are  required  to  explain  the  ai>parent 
discrepancy.        The  acetyl  values  va,ry  from  7.6/. 
to  IS/S  according   to   the  fresliness   of  the   oil. 

The   gl3'cerides   of   solid  fatty  acids  v/hich 
are  present   in   solution  and  separate    out  as   "cot- 
ton stearine"   on  chillin.5;  the   oil  consists  princi- 
pally of  those   of  palmiitic  acid  v.'ith  a  small  propor- 
tion of   stearic. 

Oils  v.'hich  ha,ve  "been  refined  "by  treatment  \/it?i 
e,lkali   and   separation   of   "stearin"   liave   a  mild  taste 
and  are  pre.ctically  devoid  of  free  acids.  The   solid 
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esters  of  cottonseed  oil  consist  riia.inly  o£ 
palmitin  \:itli  a  little  stearin,  th.e  liquid  con- 
ta-ins  olft^n  c.na  Imolm. 

Tlie  seed  has  fi'oer  adhering  \/liicii  is  short , 
These  seeds  contain  consideralole  foreign  rr^tter. 
:!ence  they  are  passed  thru  revolvin::;  sand  and  "boll 
screen..   Prom  here  they  are  taken  to  delinters 
v/here  the  short  fihers  previously  raenticned  are  re- 
moTed,   The  seed  goes  to  hullers  or  cylinder  con- 
taining rotarj''  knives  in  \.':iich  the  husks  are  renoved. 
Py  means  of  a  screen  hulls  and  meats  are  separt-ted. 
They  go  to  crushers  to  rupture  tlie  oil  Cell  and  re- 
duce to  uniform  consistenc3/",    Tlien  on  conveyors  to 
heaters  at  7C°  to  90° C.   These  are  large  cast  iron 
steam  jacketed  kettles  \7ith  mechanical  stirrers. 
Duration  of  cooking  varies  20  to  30  minutes  accord- 
ing to  v;ater  present  in  seeds.   The  oh j  set  is  to 
expand  oil  in  meats  and  m£-i.ke  them  more  fluid.   Also 
it  coagulates  the  alhumen  and  drives  off  the  v;ater, 
VJater  is  not  only  ht.d  for  the  oil  hut  \;orks  injury  to 
e^rpensive  filter  cloths.   Very  dry  meats  Eiay  cook  in 
12  minutes  against  45  minutes  for  fresh  meats,   ITear 
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the  lieaters  stands  mill  for  siiaping  meal  for 
press,   /vfter  coming  from  tliis  machine  the  caJies 
are  wraisped  in  hair  cloth  and  remoyed  to  the  press 
where  a  pressure  of  3000  to  4000  pounds  per  square 
inch  is  applied.   Crude  oil  is  sent  from  press  to 
storage  tanks  -./here  foreign  matter  is  separated  "by 
filter  or  sedimentation.   The  crude  oil  los^s  a  ru'oy 
red  or  almost  'clack  color;  the  quality  determined 
■by  seed  and  treatment.   It  is  cont?.minated  hy  mois- 
ture, etc,  color  aiad  mucilagenous  material.   The 
value  of  the  oil  is  determined  'oy  the  loss  on  re- 
fining, \:hich  refining  included  sepa,ration  of  free 
fatty  acids. 

Commercial  caustic  soda  is  the  conraon  refin- 
ing agent.   Refining  consists  in  agitating  h;/  air 
in  the  kettles,   A  weighed  quantity  of  oil  v;ith 
caustic  soda  is  added,  in  accura,te  proportion  in 
a  kettle  simila,r  to  a  soap  kettle  in  construction. 
The  quantity  and  strength  of  iTa  0  H  is  determined 
"by  experiment  on  small  quantity  of  oil.    The  calcu- 
lated aniount  of  caustic  is 
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then  added  v/lien  cil  readies  S5°P  and  oil  Ti-;or- 
ousl;/  agitated,    general  lasat  is  tlien  air.plied  loy 
open  steam  aiid  temperature  is  raised  to  1<;5'^!P 
3;eneral  agitation  continues  until  disposition  to 
settle  is  noted.   Agitation  is  continued  until 
precipitation  is  complete. 

Coloring  m^.tter ,  ruucilagenous  material,  soda 
soap  of  oleic  acid -and  excess  ITa  0  H  solution  form 
sludge.   Tliis  is  rav/  material  for  cottonseed  oil 
soa.pStone,   After  precipite.tion  and  oil  is  cooled 
the   clear  ^supernatant  oil  is  siphoned  off  to  finish- 
ing kettle.   Here  it  is  v/ashed  free  from  alkali  at 
temperature  not  a'oove  105°.   lirst  v;ash  v/ater  is 
v;ithdraivn  until  oil  comes.   Iresh  v/ater  is  added 
and  agitated  '07  air.   After  all  ITa  0  H  is  separated 
''oy   \7ashing  and  water  has  settled  out,  moisture  is  fur- 
ther removed  "by  apjjlying  steam  -in  closed  coils.   Tem- 
perature is  "brought  up  to  125°  a,nd  E,gitation  continued. 
Difficulty  is  encountered  in  removing  v;ater  and  pla,ster 
of  paris  is  added  and  agitated.    The  oil  is  then  fil- 
tered, pressed  and  is  now  ready  for  market. 
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Tlie  press   cal:e   is  a  valuable  cattle  food 
"but   is  usually  diluted  "before  feeding  to   stock. 
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PART  II. 
General  CliaTacteri sties  of  catalytic  ree^ctions. 
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R  E   D  U   C    T   I    0   IT        o£      C    0    T   T   0   IT  fJ  E  E  D      OIL. 
I    IT  T  R   0   L  U   C    T   I    0  IT   . 
A  great  numloer   of   chemical  reactions  com- 
nience   irrjinediately  the   different   components  are 
"brought   into  contact,   'i/hile   other  reeictions   only 
appear  to  take  place  v'hen  externc.l  energy  of   some 
kind  is  added  from  '..'ithcut.        lor   e;-:arn.ple ,    chlo- 
rine and  hydrogen  gases   comtined  v/ith  apprecia'cle 
energy  when  it   is  applied  in  the  form  of  heat,   light, 
or  electricity.  It  has  al'v/ays  been  observed  tliat 

these  gases  rapidly  unite   in  the  presence   of  platinum 
foil,   pl£,tinuiii  black,    or   cliarcoal.        On  the   other 
hand  the  rate   of   transformation     is  retarded  in  &, 
rem£.rkE,ble  mi£,nner  v/hen  the  reacting  gases  are  miixed 
v;ith  a  foreign  gas  like   oxygen.        The  velocity   of 
the  rea.ction  is  also  modified  by  the  form  and  ma- 
terial  of   the  vessel  by  -..'hich  the  reaction  gases  are 
enclosed.        These   illustrations  are   tyres   of  a  large 
class   of  reactions,    in  \fhich.  the  progress   of  the   che- 
mical transformation  is  modified  ''oy  the  mere  presence 
of  a   substa,nce  v/hich,    after   the  reaction,   has   the   same 
chemical  composition  as  at   the  beginning.        It  vras 
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formerly  tliou;~ht  tlir„t  such  reactions  vrere  en- 
tirely different  in  their  nurture  from  ether 
chemical  chf.nges.    Berzelius  postulated 
the  existence  of  a.  nev;  "innate  force"  to  which, 
he  gave  the  miae   "catalytic  force''.    "A  cata- 
lytic asent,"  said  Berzilius,  "is  a  substance 
\.'hich  merely  "oy  its  presence  and  not  through  its 
affinity,  ha.s  the  pov/er,  to  render  active  affini- 
ties v:hich  are  latent  at  ordinary  temperatures," 
As  v;ith  "affinity,"  so  with  "  catalysis"  the  v/ord 
explains  the  fact.   Also  the  occult  cause  theorj* 
has  "been  aloandoned,  it  ia  still  necessary  to  have 
some  v/ord  to  connote  these  chemical  cha.nges  v^hich 
are  influenced  "by  the  presence  of  a  "foreign"  sub- 
stance,  Llitscherlich  proposed  the  term  contact 
actions.   Brodie ,  cyclic  actions;  but  ]3er2,elius' 
designation,  calcilytic  action  or  catalysis,  is 
no\7  in  pretty  general  use.   The  agent  v.'hich  ef- 
fects the  catalytic  action  ma^y  be  called  the 
catalyzer  or  the  catal3/-st. 

The  more  finely  divided  the  condition  of  the 
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catalyzer  th.e  larger  the   surfa.ce  exposed 
for  a  given  mass.   It  is  thus  msAe   highly  pro- 
"balDle  that  there  is  some  close  relation  loe- 
tv/een  "surface"  and  "catalytic"  action,  cata- 
lysis Toeing  due  to  the  enormous  accumuls-tion 
of  energy  at  the  surf&ce  of  things. 
Before  taking  up  this  relation  more  closely,  a 
few  v/ords  should  be  added  in  reference  to  the  idea 
that  in  cate^lysis,  intermediate  compounds  are  of- 
ten formed.   Thus,  Pe  la  Rive  thought  tliat  Mhen 
platinum  black  ^';as  cliar^ed  v/ith  o:^rj!T,en^   there  \7as 
formed  a  surface  lawyer  of  oxide,   "'.h-en  this  was 
plunged  into  liydrogen,  reduction  took  place  and 
water  was  formed, 

Bornemann  found  that  platinum  charged  v/ith  oz-zy- 
gen   decomposed  hydrogen  dioxide  more  raj-'idly  than 
pure  platinum;  and  Englar  and  Uohler  found  that 
platinum  bla-ck  saturated  with  oxygen  dissolves  to 
som.e  extent  in  liydrochloric  acid  and  decomposes 
potassiujn  iodide  liberating  iodine,  the  relation 
corresponding  to  the  compound  PtO,   Sabatier  and 
Senderens  think  thi^t  in  certain  organic  catalytic 


reactions  there  c.re  intermediate  compounds 
formed.   The   action  of  a  numter  ox  finely 
divided  mete.ls  such  as  iron,  co"balt,  nickel, 
cop-joer,  platinum,  palladium,  etc.,  on  a  mix- 
ture of  hydrogen  and  acetylene  jiving  ethane, 
proToalDly  depends  on  the  formation  of  liydrides 
and  a  nuanher  of  organic  reactions  are  knoivii 
in  1/hich  the  existence  of  intermediate  com- 
pounds have  Toe  en  established  Toeyond  question. 
Indeed,  the  intermediate  compound  conception 
seems  to  apply  rather  to  organic  than  to  inor- 
ganic catalytic  actions. 

The  one  part  the  catalyst  plays  during  the 
reaction  is  slirouded  in  m;>'stery.   The  catalyst 
has  the  same  chemical  composition  at  the  end  as  at 
the  beginning  of  the  reaction.   This  fact  \/as 
earlj/  recognized,   iirs,  2\?.lhame  noticed  in  1794 
that  v/hile  v/ater  materially  affected  the  oxidation 
of  metal  and  the  reduction  of  their  oxides,  the 
metal  still  retained  its  former  properties.   In 
1812  Kirchhof  shov/ed  thcit  vfhen  starch  is  converted 
into  dextrine  and  sugar  "by  looiling  v/ith  dilute  acids, 


19, 


th.e  acid  ■'.;hich  efl'ects  the  change  remcins  un- 
altered. 

It  must  not  "be  concluded  that  the  catal^'-st 
is  necessarily  in  the  same  pli;/sical  state  after 
the  reaction  is  over.    There  is  much  evidence 
to  show  that  the  catalytic  agent  actually  par- 
ticipates in  the  reaction.  ,  A  spira.1  of  plati- 
num kept  in  a  jet  of  hydrogen  "burning  in  air  "be- 
comes corroded  and  covered  v/ith  a  gray  or  "black 
powder  of  metallic  platinum,   Tlais  also  occurs 
v;hen  a  spiral  of  platinum  is  kept  48  hours  in 
the  vapour  of  alcohol.   In  like  manner,  De  la 
Rive  found  ths.t  if  a.n  electric  current  he  passed 
alternately  in  opposite  directions  in  \7ater,  'ooth 
electrodes  "become  covered  './ith  a  fine  dust  of 
■platinum,  presunia'oly  produced  "by  the  repeated 
oxidation  and  reduction  of  the  ple,tinum.   The 
oxidation  of  ami-nonia  hy  freshly  x^^repared  ch-romium 
sesqui oxide  is  really  an  alternate  series  of  oxi- 
dations to  a  "bright  green  oxide  "by  the  o;-;ygen  of 
the  £.ir,  and  reductions  to  the  ordinary  oxide  "by 
the  hydrogen  of  the  ejranonia.   The  action  of  co"balt 
oxide  on  the  hyphochlorites  appears  to  consist  of  a 
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series  of  alternate  oxida.tlcns  and  reductions. 
Bielby  and  Henderson  also  clDserved  that  there  is 
a  complete  alteration  of  the  ph;7sical  sta,te  of 
the  catal;'st  '/hen  ariunonia-  is  decomposed  "by  an 
a.gency  of  the  mstals,   Titherly  also  found  that 
the  decomposition  of  araiiionia  Toy  sodr-jnide  at  dull 
red  heat  taices  place  in  e.  series  of  stages,   -The 
sodaraide  at  first  splits  up  into  nitrogen,  hydrogen, 
and  sodium;  the  latter  comlDines  v/ith  ammonia  to  re- 
form sodamide.   This  in  turn  is  again  split  up  and 
the  cycle  of  reactions  "begins  anev;.   The  sodamide 
after  the  action  is  of  the  sarae  chemica-1  composition 
as  "before,    Ilany  other  actions  mi'^ht  he  cited  to 
illustr&.te  the  fact  thr^t  the  catalytic  agent  actual- 
ly taies  part  in  the  reaction, 

V.hen  it  is  knoi^Ti  that  the  catalytic  agent  is 
actually  involved  in  the  chemica.1  change,  V/agner 
proposed  to  ca,ll  the  phenomenon  jiseudo  catalysis, 
Os\;ald,  "-  catedysis  hy  transvection;"  hut  the  atove 
mentioned  term,  cyclic  action,  is  to  he  preferred, 

A  small  quantity  of  the  catalytic  agent  is  suf- 
ficient to  affect  the  transformation  of  an  indefinite- 
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ly  lar-e  quantity  of  the  reacting  substa-nce. 
This  fact  v;as  recognised  ^y   Clement  and  Desor- 
nies  in  1806,   Ernst  lias  sho^m   tliat  a  solution 
containing  0,0004  grains  of  colloidal  platinum 
Mill  iDring  alDout  the  coiiibination  of  ten  liters 
of  a  mixture  of  hydrogen  and  oi-is'-gen  and  th^.t  the 
activity  of  the  colloidal  metal  is  not  affected 
"by   the  process;  and  0,00001  grams  of  potassi-om 
permanganate  in  10  c,c,  of  solution  accelerates 
the  reduction  of  mercuric  cliloride  "by  o:ca,lic 
acid.   Titoff  states  tlmt  the  rate  of  o:/:idation 
of  an  aqueous  solution  of  sodium  sulphite  is 
quite  preceptilDly  accelerated  in  the  presence  of 
0,0000000000001  IT  -  Cu  SO4  or  even  hy  merely  dip- 
ping a  strip  of  clean  metallic  copper  in  the  '.fater 
for  less  tli5:,n  a  minute. 

In  some  cases  the  seccwsdary  actions  modify 
the  catalytic  agent  itself.   Tor  e:cample  Phil- 
ip's process  of  manufacture  of  sulphuric  acid  "oy 
the  oxidation  of  sulphur  dioxide  v7ith  spongy  ple,- 
tinum  '.Tas  a^ban-loned  "beca-use  the  platinum  gradually 
lost  its  pov;er,    Knietsch  has,  hov;ever,  traced 
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the   sichaning  of  t-ie  action  to  arsenical  and 
otlier   impurities   in  tlae   sulpliurous  gases   em- 
ployed, in  tlae  process,        XPnen  tliase   iiiipurities 
are  removed  from  tias  gases,   the  activity   of  the 
platinum  remains  unimpared  and  the  process  is  a 
commercial   success,   promising  to   sujjplant   the 
cumTor^His   "lead  chr.m'ber  process."         A  similar 
e:qDla-nation  v;ill  no  doulDt  account  for   the   gradual 
diminution  of  the  activity  of  a  platinum  plate, 
v;hen  placed  in  a  mi:zture   of  liir-dro gen  and  oxr^rgen. 
Certain  ens^mes  s,lso  appear   to  lose  their  catalytic 
pov/er  after  having  Toeen  in  use  for   some  time. 

Some  cats-lyzers  disappear  during  the   reeiction, 
O'jing  to   independent   side  rea.ctions.        This  was 
found  to  "be  the   case  v/ith  rerrous   salts  in  the  re- 
action "betv/een  potassium  permanganate  and  hydro- 
chloric acid  in  the  Tridel  Crafts  reaction.        In 
the  catalysis   of  metliyl  estate  "by  acetic  acid,    the 
cata,lytic  agent   is   a  product   of  the  reaction  and  the 
amount   of  catalyzer   in  the   system  is   continually  in- 
creasing as  the  action  goes   on. 


A  catalytic  ci.'^ent   is   inca_^-^a''ole   of 
starting  a  reaction.        It   can  only  modl:ry  th.e 
velocity  of  trie   reaction.        Tit  off  has   sliov/n 
tliat   tlie  rate   of   oxidation  of  a  solation   of 
sodiuj-n  sulphite   is   diminished  "oy  purification 
of  the  v/ater.        It   is  assuiiied  tlisit ,   however, 
the  reacting   su"bstance  "be  purified,   a  slov/  re- 
action v/ould  alvirays   take  place.        Ostuald  de- 
fines a  catalytic  agent  to  be   "a  su'bsta.nce 
v/hich  clis/nges  the  velocity  of  a  reaction  \.'ith- 
out   itself  "beins  cloanged  Toy  the  process,"   This 
implies  that   a  reaction  must  not   only  "be  possl- 
Tole  Tout   actua,lly  tslcing  ^jlace  "before   the  cats.- 
lytic  agent  can  produce  any  effect.        In  other 
v;ords,   a  cate.lytic  agent   is  not   capa'ole   of   start- 
ing a  reaction.        It  can  only  modify  the  action 
of  a  cata,lyser  to   the   influence   of  the  v;hip   on  a 
horse   or   oil  on  the  v:heels   of  a  rusty  mcvchine, 
V.^en  oiled  the  ma.chine  v;ill   go  faster  in   spite   of 
the  fact  tliat  the   energy  of  the  driving   spring  is 
not  changed.  The   total  energy  of  the  driving 

spring  is  not  altered  "by  the  cats-lyser.      There 
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is  no  direct  proof  tliat  a  mixture  of  hydrogen 
and  oxyyen   v/ill  corn'oine  at  ordinary''  tempera- 
tares.   If  such  B.   coiiibination  does  take  place 
at  ordinary  temperatures,  the  process  is  too 
slow  to  "be  detected  'oy  the  analytical  meth.ods 
that  are  at  our  disposal. 

On  the  other  hand,  C.  1.  Schonloein,  J.  J. 
Thoiiipson,  H,  E.  Armstrong  and  P.  Duhem  believe 
t'm.t   the  catalyst  csJi  actua.lly  start  tlie  reaction. 
There  seems  to  "be  no  particular  oTojection  to  our 
extending  Ost\;ald's  analogy  "by  assuming  ths.t  the 
friction  "before,  oiling  is  so  great  as  to  prevent 
the  motion  of  the  machine  altogether,   A  ca.ta- 
lytic  agent  cannot  affect  the  final  state  of 
equililorium.    The  ainount  of  energy  tra,nsf orined 
during  a.  chemical  reaction  depends  only  on  the 
initial  and  final  state  of  the  system  and  not  on 
the  actual  course  of  the  reaction,   v^nen  cheraical 
energy,  for  eiicanple,  is  transformed  into  thermal 
energy,  the  amount  of  heat  generated  is  the  same 
•■hether  it  takes  place  all  a.t   once  or  in  steps. 
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other  tilings  "beins  equal,  th.e  velocity''  of 
chemical  reactions  -/oulcL  no  doulDt  "be  i^ro^or- 
tional  to  the  amount  of   energy  transformed 
durin,:^  the  process,  'out  the  Telocity  in  rejility 
de;:ends  upon  so  vm.ny   e:cternal  factors  knov.-n 
and  unl:nO'.m  that  no  generalization  has  --et 
"been  fonriulated.   Also  the  Telocity  of  the 
chemical  emotion  may  Toe  modified  "by  the  cata- 
lytic agent ,  yet  the  final  state  of  equiirorium 
remains  unaffected  if  othen^ise  v;e  could  3,llov7 
the  substance  to  act  alternately  ^;ith  and  \vith- 
out  the  catalyzer  and  so  utilize  the  process  to 
perform  v/ork.   This  v;ould  lead  to  a  perpetual 
motion,  •/hich  is  presumed  to  "be  impossible . 

As  a,n  illustration,  Lemoine  found  that 
e equilibrium  set  in  at  350°  C  v/hen  18, 5;^  of  h^'-- 
drogen  iodide  hs-s  decomposed.   Hantefenille 
found  that  19;j  decomrjosed  in  the  presence  of  pla- 
tinum "olack. 

The  fact  that  the  catalytic  agent  can  haTe  no 
influence  on  the  numerical  value  of  the   equili- 
brium constant  might  be  employed  in  doubtful  cases 
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as  a,  test  for  Cc.tal;/tic   actions.        If  a   svJo- 
stance   chs-nges   tlae  velocity  of   tlie  re£,ction 
and  a.t   th.8   same   time  has  no   influence   on  the 
eciaililDrium  constant,   v/e  are  .dealing  -..'itli 
catalysis  pure  a.nd  simxjle, 

Llany  apparent   eiiceptions  to  this  might   oc- 
cur in  the  literature   of   chemistry  and  these  will 
he  found  on  closer  eicaini nation  to  he  founded  upon 
imperfect   ohservations. 

The  velocity  of  tv/o   inverse  rea-ctions   is  ef- 
fected hy   the   catalyst   to  the   sajne  extent.        The 
condition  of  equilihrium  of  the  reversible  action 
■ir.y  he  \/ritten  v;here 

C   SO2    ,    C   ©2    ,   and  SO3    , 
respectively  denote  a  concentration  of  the  mole- 
cules 

SOo    ,      O2    ,   and  SO3    , 
'.;hich  talces  part   in  the  reaction.        The  rate   of  de- 
crease  of  SOg  and  the  rate   of  decomposition  of   SO3 

are  respectively 

2 
d  C   sog     a  s  k  X   C        S02      C  02    J   -- 

dt 

d  C   sog      -   -  IC2   C^     S03    , 

dt 
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ITlien  equilibrium  is  attainad  v/e  'm,Ye   equation 
(1).    Lince  the  state  of  eciuiiroriuiii  is  inde- 
pendent of  the  catalytic  a^ent,  the  relation  be- 
tween ki  and  k2  must  remain  constant,  and  the 
velocity  of  one  reaction  in  the  presence  of  the 
catal3''ser  must  increase  in  the  same  proportion 
as  the  other. 

v;,  Ilicheals  found  that  the  velocities  of 
esterif ication  and  hydrolysis  of  an  ester  at 
different  consentrations  viexe   influenced  by  the 
catalytic  ajent  in  the  same  v;ay;  slight  deviations 
•I'ere  observed  at  the  hip;her  consentrations,  3oden- 
stein  observed  the  same  thing  in  the  reaction 

H2  X  Se=  =   Ho  Se, 
in  v/hich  the  catalytic  agent  was  molten  selenium, 
and  R,  ICnietsch  found  tha.t  the  ra,te  of  forme,tion 
of  sulphur  tri oxide  from  sulphur  dioxide  and  air 
v/as  slo'.;er  in  the  presence  of  fragments  of  porcelain 
than  in  the  presence  of  platinum  and  this  result 
is  in  h^.rmony  v:ith  the  fact  that  the  trio:;cide  decom- 
X>pse3  more  slovrly  in  the  presence  of  porcelain  than 
in  the  presence  of  Tjlatinum, 
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'uie  state  oi'  equiliTDrium  is  independent 
of  the  presence  or  alosence  of  a  catalytic  agent. 
TurlDala  proved  th£.t  tlae  equiirorium  "betYfeen  al- 
dehyde and  i^araldehyde  v,'as  the  same  whether  sul- 
phur dioxide,  zinc,  sulpliate ,  hydrogen  chloride, 
oxalic  acid  or  phosphoric  acid  \.-ere  employed  as 
catalytic  agent. 

It  is  easy  to  see  that  if  side  reactions  oc- 
cur, th3  cata,lyzer  may  exercise  a  specific  influ- 
ence on  each,  so  tha.t  the  products  of  the  reaction 
i(\a.j   differ  in  the  presence  and  in  the  ahsence  of  the 
catalyzer,   Por  example,  a,n  aqueous  solution  of  /v- 
dr o:\7laj11ine  decomposes  according  to  the  equation  - 

3IT  H2      0  II  =   «      N.H3  X  IT2  X  3H2O    , 

with  the  formation  sud  -'-.races  of  nitrous  oxide,  thus- 

4iT  H2  0  H  -  -  olT  H3  X  1T.0  X  3U2O  . 

In  the  presence  of  oxidi2.ing  media  or  platinum 
"black,  the  chief  product  of  the  action  is  nitrous 
oxide,   Tanater  has  shovm  tl-iat  a  like  phenomenon  oc- 
curs during  the  catalysis  of  li;}'dra^ine  (  IT2  H4  )  , 

The  phenomenon  of  catalysis  is  universal.   Ost- 


wald  says  tiig.t  there  is  pro'ba'bly  no  kind  of 
chemical  reaction  >vhich  c?.nnot  "be  influenced 
catalyticaly  and  there  is  no  suT3Sta,nce,  ele- 
ment, or  compound  v;hich  cs.nnot  act  as  a  cata- 
lyzer.   Ostv;ald's  classif ica-tion  is  purely 
empirica.1.   I-Ienri  and  La,r::uier  and  Des  len- 
cel's  classification  requires  raore  knov/ledge 
of  the  meclianism  of  each  reaction  than  v;e  pos- 
sess. 

Henri  and  Larguier  des  Ba.ncel's  Classification. 
I,  Reductions  induced  "by  one  catalytic  a.^ent, 

i.   Simple  contact  action.  ^,z»   ^'-^^   action 
of  acids  upon  an  aqueous  solution  of  cane 
sugar . 
ii.   Pormation  of  inteirmediate  compounds. 

E.  g.  the  action  of  nitric  o;-cide  in  the 
manufacture  of  sulphuric  acid, 
II.  Relations  v;hich  ta.ke  place  in  the  presence  of 
tvTO  catalytic  agents, 
1,   The  two  catalysts  produce  the  same  final 
r.roducts. 
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i.   Simple  contact  section, 

a,   Cata-lysts  have  no  action  upon 
one  anotliar  S,  5,  the  decoiui'osition 
of  liydrogen  pero-:ide  "oy  colloidal 
gold  and  platinuii:, 

"b.   Catalysts  mutually  ini'luenca  each, 
other's  action.  E.g.  the  s-ction  of  a 
mixture  of  salts  of  iron  and  copper  up- 
on iT^'^drogen  rjersulplis-te  and  potassium 
iodide, 
ii.  Pornmtion  of  intermediate  compounds, 
E,  -g,  the  action  of  acids  and  of  in- 
vertin  upon  cane  sugar, 

2,  The  tv;o  catalytic  agents  produce  differ- 
ent reactions.   E,  g,  the  action  of  pan- 
creatic juice  and  of  kinase  o.rjon   a  mix- 
ture of  gela,tine  and  starch, 

3.  T--.70  consecutive  reactions  are  produced 
Toy  the  two  catalytic  agents.  E.g.  the 
hydrolysis  of  gentiancse  "oy  a  mixture  of 
emulsin  and  inverta-se. 
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The  activity  of  the  catalytic  agent  depends 
on  its  pli;j.'sical  condition.    Ths  finer  its  state 
of  division,  the  great 3r  v/ill  T^e  its  cheiaical  ac- 
tivity, thus  platinum  'clack  is  far  more  active  than 
spongy  platinum  and  this  in  turn  is  more  active  tlian 
l^latinuiu  foil.   The  shs,rp  corners  of  the  catalyst 
are  suppoed  to  "break  up  the  molecules  into  atoms 
and  so  ren  ler  the  substance  more  chemically  active. 
Tor  a  given  virei-jht  of  ^.latinum  the  finer  the  state 
of  division  the  greater  ^/ill  be  the  surface  presented 
to  the  substaiice  by  the  catalytic  agent. 

It  has  long  been  kno'./n  tiiat  the  course  of  a 
chemical  reaction  is  modified  by  the  catalytic  ac- 
tion of  the  walls  of  the  vessel  in  -..hich  the  action 
takes  place  and  Van't  Hobb  hc.s  sho\/n  that  the  disturb- 
ing influences  depend  upon  the  superficial  £,rea  and 
upon  the  ns.ture  of  the  v/alls  of  the  vessel  in  -v.'hich 
the  reaction  talces  place.    The  effect  of  the  walls 
of  the  containing  vessel  upon  tha  course  of  a  reaction 
may  therefore  be  attributed  to  various  secondary  actions, 


The  nioleoules  at  the  "ooundar^/  surface 
of  a  liquid  medium  a,re  not  in  the  same  con*- 
dition  &5   the  molecules  in  the  'oody  of  the 
medium.   Particles  in  the  'oody  of  the  medium 
are  attracted  in  erery  direction,  \;hile  those 
at  the  surface  are  only  attracted  inv/ards. 
This  inv/ard  tension  of  the  surface  molecules 
gives  rise  to  the  phenomena  of  surface  ten- 
sion and  of  capilla,rity,   J.  J,  Thomson  saj's 
that  the  ca,tal;/tic  effects  produced  "by  the  v;alls 
of  the  vessel  mi.^ht  "be   attriouted  in  part  to  the 
change  in  ph;>'sical  condition  of  the  molecules  of 
the  reacting  sulostance  in  contact  v.'ith  the  sur- 
face of  the  catalytic  agent  or  the  walls  of  the 
vessel, 

Armstrong  h^.s  amplified  De  La  P.ivs's  sug- 
gestion and  put  for\/ard  the  Ii^^/'pothesis  thsit  tv;o 
su'bsta.nces  '.;ill  only  react  in  the  presence  of  a 
surface  catalytic  agent.  Interaction  does  not 
tcJ:e  .place  "betv/een  pure  su'bstances.  He  assumes 
that  v.'hen  the  complex  formed  "by  the  association 
of  the  interacting  substance  meet  vrith  the  neces- 
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sary  tliird  component,  a  conducting  system  is 
estalolislied  and  t'-iat  as  soon  as  this  is  formed 
a  change  sets  in.   According  to  tliis  hy;_  otliesis, 
a  circuit  of  clian,i^e  must  comprise  three  terms  or 
components.   One  of  these  must  "be  a  conductor 
of  electricity'-,  vhich  is  car.able  of  forming  v;ith 
the  reacting  suTostamce,  a  system  analogous  \;ith  a 
closed  voltaic  circuit.   In  the  csise  of  hydrogen, 
conducting  v/ater  and  ox:,rgen  for  e^cajnple ,  the  -v/ith- 
drav;al  of  moisture  renders  the  coLibination  of  hy- 
drogen and  oxygen  exceedingly  difficult. 

According  to  Armstrong's  tlieory,  the  function 
of  the  catalytic  agent  is  to  collect  in  one  s^rstem, 
the  various  elements  necessary  for  a.  pc.rticular  che- 
mical change,  thus  "./hen  'oen2.ene  and  metliyl  claloride 
are  hr ought  into  contact  there  is  no  chemical  e.cti on. 
If,  h.ov;ever,  aluminujn  cliloride  Toe  present,  Armstrong 
assumes  that  a  more  or  less  sta'ole  "molecular  com- 
plex" is  formed  hy  the  union  of  the  methyl  cliloride, 
hensene  3,nd  aluminium  chloride.   This  too,  is  the 
f  unc -.ion  of  impurity  in  the  solution  of  2,inc  and  sul- 
phuric acid. 
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Catalvtic  action  oi^  xinely  diyided  vr.etals. 
A  number  of  interesting  experiments  h.£.,Ye  "been  re- 
cently carried  out  'oy   Bredig,  \;itli  tlie  coopera- 
tion of  Von  Berneck,  Ikeda  and  Keinder,   ^laese 
authors  have  studied  the  catalytic  action  of  fine- 
ly divided  metals,  and  have  pointed  out  certain 
analogies  "between  them  and  organic  ferments. 

The  meta.l3  v/ere  obtained  in  a  finely  divided 
state  in  \i'ater,  by  bringing  tv;o  bars  of  the  metal 
close  together  under  \/ater  and  passing  an  electric 
current  betv;een  the  bars  under  the  water.    The  meta,l 
was  torn  off  in  such  a  fine  state  of  division  tl^iat 
the  solution  appeared  to  "be  ]@.erf ectly  homogeneous 
v;hen  expauined  under  e,  pov;erful  microscope.   Such 
a  solution  v/as  §iovm  not  to  "be   a_  true  solution,  since 
neither  the  freezing  ^.oint  nor  vapor-tension  of  the 
solvent  was  lowered,,   TPJ.S  bielongs  then  to  the  class 
of  solutions  kncvm  as  colloida.l.   By  this  method  so- 
lutions of  platinum,  iridium,  gold,  silver,  cadraium,  etc 
were  prepared, 
■     Such  solutions  of  the  metals,  act  catalytically , 
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e^ffecting  a  nurri'Der  of  reactions  similar  to 
those  ■brouf.-lit  aloout  "by  organic  ferments.   The 
authors  sho\;ed  tliat  those  reactions  are  truly 
catalytic,  ty  demonstrating  that  they  are  re- 
actions of  the  first  order.    The  re8.ction 
which  they  studied  in  detail  v/as  the  decomr-osi- 
tion  of  h;/drogen  dioxide  "by  a  colloidal  solu- 
tion of  platinum.   They  studied  the  velocity 

of  the  decomT^osition  and  found  thsxt  1  In  A 

t    A  -X 
v;as  a  constant ,  and  therefore  the  reaction  v;as 

of  the  first  order.   It  is  kno^.Tn  tliat  colloidal 
solutions  of  the  metals  £.nd  org&-nic  ferments  is 
found  in  their  'Deliavior  in  the  presence  of  cer- 
tain poisons.   It  is  v;ell  hno\jn  that  mere  tre^-ces 
of  certain  suTostances  are  sufficient  to  prevent 
the  action  of  orge.nic  ferments;  these  ferments 
are  poisoned,  as  v;e  say. 

Bredig  and  his  pupils  ha.ra   shov/n  tloc^t  the  mer- 
est trace  of  certain  substances  is  sufficient  to 
diminish,  greatly  the  catalytic  action  of  the  platinum, 
and  in  soiree  cases  to  destroy  it  entirely.   Thus,  a 
grejffii'ioleculs.r  v/eight  of  hydrogen  suljihide  in  ten  mil- 
lion litres  of  v;ater  greatly  diminishes  the  action 
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of  tlie   colloidal   solution   of   tlie  rnetal.      And 
tlie   same  effect   is  produced  'oy  a  gram-:nolecular 
v/eight  of  I'^ydrocyanic  acid  in   t-./enti?  million 
litres   of  v;ater,      a.nd  "by  a  nuDi'Der   of   other   suTd- 
stances   in  very   small   quantity, 

Bredig  and  Reinders  have  made  an  elaooreite 
study   of  the   action  of  "poisons"   on   tiie   colloidal 
solution  of  platinum,   and  ha.ve  found  in  genera.1  tliat 
those   sutstances  v/hich  are  most  poisonous  to   the 
organicenzymes  are  most   "poisonous"   to  the  metal. 
Some  exceptions,   v;ere ,   ho\/eTer,  pointed  out,  Tout 
no   one  csin  e>3J:nine  the  results   ©"btained  -jithout 
heing  impressed  "by  the  large  nuiriber  of  agreerr.ents, 

Bredig  is,   hov/ever ,   careful   to  point   out  in 
his  recent  pamphlet   on  this   suhject,   tli^it   the  ana- 
logy which  they  liave   discovered  is  only  an  analogy, 
Ke   does  not  thinlc  that   there   is  any  identity  ■bet\7een 
the  action  of  the   two   classes   of   suhstances,  v/hich 
are  themselves   so  different.        To   quote  all  his   ovm 
'.•ords  -   "  All   these  facts  point  to  an  unndstal-iayle 
analogs'-  "between  the   contact  actions   in  the   organic 
\;orld  and  the  actions   of  ferments   in  th.e   organic 
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v/oxld.   As  in  tlis  case  of  my   colloidal  cata- 
lyzers, \;e   are  dealing  v/ith  reactions  in  ^.;lIich. 
enormously  developed  surfaces  a.re  involved,  so  it 
is  proloaToly  that  the  same  condition  o'ctains  in  the 
actions  of  ferments,  enzymes,  iDlood  corpuscles, 
and  oxidizing  and  catalyzing  organic  substances. 
Therefore,  \:e   see  that  the  organism  develops  its 
enormous  Durfc.ce  in  the  tissues  and  colloidal 
ferments,  not  only  "beceiuse  it  requires  osiv-Otic 
processes,  ■'ou':  on  account  of  the  very  great  cata- 
lytic activity  of  such  surfaces.   If,  as  Boltz- 
rcann  says,  the  vie.x   for  existence  \.-hich  living  mat- 
ter r-ust  v;age  is  a  war  a'oout  £xeo   energy,  certain- 
ly of  all  the  forms  of  free  energy  the  free  energy 
of  "surface"  is  the  most  important  for  the  organism. 
"  In  conclusion  I  need  scarcely  state  that  I  do 
not  maintain  that  there  is  any  mj'-sterious  identity 
"bet'j-een  the  metals  and  the  enz janes;  'out,  v;ithout  ex- 
aggerating the  over\/helmingly  large  nuiuher  of  analo- 
gies, Me   are  compelled  to  regard  the  colloidal  solu- 
tions of  the  metal,  in  many  relations  at  least,  as  in- 
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organic  models  of  the  organic  enz^ones." 

It  seems  tloat  tMs  v;crk  ma^y   prove  to  "be 
very  important  as  tlirov;in~  some  li:^h.t  on  the 
nature  of  sn2.yme  action.   The  enzjTaes  are  very 
complex  organic  suTostances,  \;hile  tlae  colloidal 
Bolutions  of  the  metal  are  as  simple  as  an;,"-  suT:- 
stances  kno'.-Ti  to  the  chemist.   If  the  latter  ef- 
fect reactions  analo£:ous  to  the  former,  ty  studing 
the  reactions  v/ith  the  simple  elements  the  pro'clen 
is  certainly  very  m.uch  simplified,   Tliat  surface- 
tension  may  have  mxUch  to  do  v;ith  catalysis  is  5.1so 
in  accord  \/ith  the  viev;s  of  J.  J,  Thomson.   lie 
thinlcs  that  this  might  explain  especially  the  a,c- 
tion  of  the  surfaces  of  the  cont3.ining  vessels  on 
chemical  reactions,  changing  the  pli;^i'sical  condi- 
tion of  the  molecules  in  contact  v/ith  the  walls. 

The  older  conception,  that  interm.ediate  com- 
pounds are  formed  "oet'^^een  the  catalyzer,  and  at 
least  one  of  the  reacting  sulDstances,  is  untena^ble 
as  a  general  theory  of  catalysis,  and  has  given  the 
place  to  a  pliysical  e:-rplanation  of  th.ese  remark- 
alDle  rhenomena. 
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PART  III. 
Tlie  reduction  of  unsatuxa.ted  fatty  acids 
Toy   different  processes. 
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Alexander  ds  Hemjjtinne  of  Belgium  was  one 
o£  the  first  to  devise  a  practice,!  process  for 
converting  oleic  acid  into  steci,ric  acid. 

The  process  is  Toased  on  the  fact  tlmt  olein 
and  like  compounds  can  "be  hydrognized  \;hen  su-ojected 
to  the  influence  of  electric  effluvia.   In  this 
manner  a  considera'cle  iro-e^ntlty   of  stea,ric  acid  may 
Toe  formed  according  to  the  reaction  Cjq  H34  O2  = 
Cl8  I-S6  O2. 

During  the  process  there  are  also  formed  poly- 
meris  of  stearic  acid  and  analogous  compounds  liaving 
melting  points  more  or  less  in  the  neighborhood  of 
69°C,  v;hereas  olein  is  liquid  at  ordinary  temperature. 

The  conversion  ruay  "be  effected  "by  the  use  of  the 
electric  current  in  hermetically  closed  apparatus  con- 
taining hydrogen  maintg,ined  at  a.  constant  ]::res3'are 
"oy   a  suita"ble  device. 

Experiment  has  shovm  tlmt  it  is  prefera'ole  to 
operate  at  a  pressure  that  is  lower  tha,n  that  of  the 
atmo  sphere , 

The  electric  effluvia  are  produced  loetv/een  a 
series  of  metal  plates  arranged  parallel  and  rather 
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close  together ,   A  pla.te  of  jlass  or  otlier  in- 
sulator must  alv:ays  separate  tv/o  consecutiYe  nietal 
plates  to  avoid  siiort  circuiting  and  to  produce 
uniform  affluvia.   Alternate  metal  pla.tes  are  con- 
nected together  and  -..'ith.  one  of  the  poles  of  the 
source  of  electricity  Toy  a  conductor,   Similarly 
the  rema,ining  metal  plates  are  connected  together 
and  \'/ith  the  other  pole, 

j3y  a  device  for  sprinkling  the  plates,  or  "oy 
any  other  suitc'.lDle  arrangement  the  surface  of  the 
plates  is  covered  v7ith  a  thin  molDile  layer  of  olein, 
which  is  thus  subjected  in  the  presence  of  h;^'drogen 
to  the  action  of  the  electric  effluvia  ."be  tv/een  the 
pla.tes.   Under  these  conditions  the  olein  a'csorlos 
the  gas,  30  as  to  form  stearin  in  considera'ole  quan- 
tity as  v;ell  as  other  analgous  sulDstances  of  higher 
melting  point  t^mn  that  of  olein. 

In  1907  Philipp  Sch.roerer  of  G-er^-nany  devised 
v;!iat  he  calls  an  improved  device  for  carrying  out 
the  well  kno'.Tn  process  for  transforming  oleic  acid 
into  stearic  acid  under  the  action  of  loydrogen  and 
in  the  presence  of  a  finely  distrTouted  nickel  as 
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catalytic  ajent. 

As  descrToed  "oy  3s-"batier  and  Senderens  in 
tlieir  treatise  on  the  catalytic  action  of  fine- 
ly distriloated  nickel, tlxe  output  of  the  product 
rises  v/ith.  the  temperature.    The  latter,  hov;ever , 
is  limited  in  the  treatment  of  oleic  acid  in  the 
Tapor  state,  since  at  a  temperature  of  a'cout  270°C 
the  decomposition  of  the  fatty  acids  commences  and 
the  generated  he^^vy  volatile  products  of  decomposition 
destroy  the  activity  of  the  contact  material.   More- 
over the  product  thus  olotained  could  not  "be  used  direct- 
ly in  the  m.c'onufacture  of  candles. 

It  has  Toeen  found  that  Toy  carrying  out  the  alDove 
descrilDed  reaction  in  the  evapora^tor  itself,  the  sta- 
ted temperature  \.'ill  not  he  exceeded  and  can  readily 
he  controlled  by  the  evapora,ting  mediumi  thus  doing 
away  with  the  difficulty  of  keeping  up  the  temperature 
in  a  separate  reaction  chamber  as  \;ell  as  \."ith  the 
special  heating  and  care  othervrise  necessary. 

The  process  is  carried  out  in  a  c;'lindrical  re- 
action cliaiiiber  provided  -./ith  a  helical  pan,  extend- 
ing from  the  top  perpendicularly,  nea,rly  to  the  hot- 
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torn  and  is  su.v:ported  upon  a.  central  post.   The 
oleic  acid  lieated  to  250°-270°C  runs  do^kTi  tlie  heli- 
cal pan  and  is  dravm  off  "below.   The  reaction  chara- 
"ber  is  jacketed  and  heated  "by  superheated  steam. 
The  ca,talytic  agent  is  applied  to  the  l:ottom  side 
of  the  helical  pan,  therehy  effecting  a  continuous 
resiction  of  the  oleic  acid  Viipor  ■'..'ith  the  Iiydrogen, 
v.'ithout  v/etting  the  catalytic  agent  v;ith  liquid  oleic 
acid,  \;hich  v;ould  produce  tar  for^iiation  on  it  and 
thus  disturlD  perfect  reaction. 

Superheated  steam  and  h;>'drogen  are  used  in  the 
reaction  chsja'cer.    The  vapors  from  this  cha:nber  are 
condensed  and  the  entrained  ^v'drogen  is  returned  to 
the  process, 

Tred  Bedford  of  England  uses  a  process  v/hereloy 
he  converts  unsaturated  fe.tty  acids  or  their  esters 
into  saturated  acids  or  their  esters  respectively,  or 
the  reduction  of  nitro  'oodies,  such  as  for  insta-nce , 
nitre  henzole  and  ketones,  for  e::ca,rnple  "benao-phenome. 
The  m6,in  object  of  his  process  is  to  increase  the  yield 
cf  reduced  suhstance  and  to  insure  a  thorough  hleach- 
ing  of  the  latter. 


44. 


Tlie  vessel  in  './liicli  redaction  taJces  place 
is  under  a  vacuuuii.    Tlie  vessel  is  in  the  form 
of  a  to-.;er  filled  -./ith.  nickel  coated  pumice  stone, 
Th.e  niclcel  is  used  as  th.e  ca,talytic  su'ostance ,  rioeing 
deposited  on   its  support  "by  redaction  from  nitrate. 
The  nickel  nitrate  is  reduced  to  oxide  at  a  tempera- 
ture "bet^/een  275°  and  300°  C  in  a.  current  of  hydro- 
gen.   The  reduction  of  the  oleic  a.cid  ta.kes  place 
at  from  160°  to  200°C,   The  oil  is  sprs-yed  in  Toy 
means  of  hydrogen.    The  pressure  in  the  cliainber  is 
helou'  atmospheric  pressure.    The  vapors  go  out  thru 
the  top  and  are  condensed  and  fall  into  a  receiver. 

E.  C.  Ilayser  of  .-reat  Britain  makes  a  special 
kind  of  a  catalyzer.   There  are  various  ways  for 
producing  metallic  pov;ders  in  a  state  of  fine  divi- 
sion.  ITickel  powder  v/hich  for  ma.ny  purposes  is  re- 
cognised as  the  most  potent  cata.lyser  teclinically  a,vail- 
ahle  is  nodt  conveniently  produced  "oy   acting  upon  such 
nickel  compounds  as  the  chloride,  o::ide ,  hydrate  or  car- 
lo onate  at  an  adequate  temperature  -..'ith  a,  reducing  gas 
like  h^'drogen.   Tlie  catalytic  energy  of  such  a  pov/der 
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lio\'yeTer,  carefullj''  prepared  is  at  'cast  an   uncer- 
tainquantity ,  frequently  it  is  feetle  and  sometimes 
for  no  conclu.sive  reason,  it  is  altogefaer  lacking, 
IFurtliermore  powder  tl-ius  produced  is  specifically 
heavy  s.nd  not  easilj'-  kept  in  suspension  in  a  liquid 
mediurii  like  oil,  vfnen   that  is  desired,  nor  C£,n  it, 
since  it  forms  an  ar-v;ost  impervious  sediment,  'oe 
readily  separated  and  recovered  from  such,  a  liquid 
medium  "bj'  a  contrivance  like  the  filter  press.  The 
same  o'ojections  apply  to  nickel  pov;der  prepared  Toy 
other  means,   /-Itojether,  the  difficulties  of  pre- 
paring relialole  catalyzers  and  nickel  catalyzers  in 
particulc.r,  are  v;ell  recognized  s^nd  have  largely  pre- 
vented such  catalyzers  from  gaining  industrial  im- 
port emce. 

It  has  "been  discovered  that  hy  bringing  suiteible 
solu'Dle  or  insolu-cle  compounds  of  nickel,  such  as  the 
nitrate,  o::ide ,  "nydrate  or  car-conate,  in  an  appropri- 
ate manner,  into  intimate  combination  v/ith  an  inert 
a'csorptive  and  comparatively  iDulky  mineral  su'c stance, 
such  as  kieselgu'ir ,  infusorial  earth,  drying  a,nd  com- 
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luinuoins  tlie  product  and  reducing  th.8  po'//der  thus 
produced,   higlily  efficient   and  relia^ble  .catalyzers 
iTiay  at  all   time  a  "be  jjroduced. 

The  catalyzers  hare  moreover  a  comparatively 
low  specific  gravity,    so   that  they  can  at  v;ill  Toe 
readily  suspended  in  a  liquid  medium  such  as   oil. 
They  also  j^rossess    the  great  tecliiiical  advanta,ge 
of  forming  an  excellent  filter  "bed,   and  may  in 
consequence  "be  rapidly  and  completely  recovered 
from  the   oil  or   other  liquid,   v;herein  they  msiy  have 
"been  suspended  during  use,  Toy  means   of  the  filter 
press. 

To  develop  the  highest   catalytic   efficiency'-,    the 
kieselguhr  should  Toecoms   evenly  and  completely  per- 
meated and  plated     \7ith  a  fine  film  of  metal,   AToove 
and  Toelov;  this  point   of   complete  and  even  metalisa- 
tion  Toeneficial  results  may  still  Toe   secured,  Tout 
the  full  "benefit   of   this  iDrocess  and  econo;^^''  derived 
therefrom  v/ill  not  Toe  realized. 

The  principal  pli^/sical  and  meclianical  consideration; 
e^fectin^  the  practical  vrorking  of  this  process,   are 
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to  Toring  atout  and  xmAnteAn,   until  the  desired 
transx■crrl^^.tion  be  e.claieved,    extensive   contf^ct  be- 
tween a  mixture   of  metal  and  oil  ana  the  liydrogen 
gas,   and  .moreover   to  i^roduce   such  friction  and 
impingement,   as  \7ill  enacle  the  gas  to  penetrate 
to  the  recipient  metal  in   spite   of  the  repellent 
coating  of   oil.        These   conditions  are  E,ttained 
"by  propelling  in  form  of  films   or   spray  a  compara- 
tively small,  Tout   ever  changing  part   of   the   hot   oil 
mixture  irithin  an  atmosphere   of  laydrogen,     ^//liile 
this   general  principle   should  be   embodied  in  s.ll 
apparatus  employed  for  the  present  purpose,    there 
is   considerable   latitude   in  constructive   detail 

The  preferred  form  of  a;:pE.ratus   consists   es- 
sentially  of  a  closed  hori:-ontal  cylindrical  ves- 
sel,  adapted  to  receive   the  laydrogen  gas  and  to 
contain  a.  comparatively   sma.ll   coluji'in  of   the  mixture 
of   oil  and  catalytic  metal,    in  '>;hich  cylinder  is  to- 
tatably  mounted  a  paddle  \7heel,    or  a.  plura.lity  of   such 
vjheels  having  blades   of  v;ire     gauze   or  equivalent 
iiq^terial. 


48. 


■\7ater  gas  or  li;.-drogen  may  "be  used  under  a 
pressure  of  one  or  more  atmo spheres.   The  tem- 
perature is  maintained  "betv/een  150° 0  and  160°C 
and  the  cliamlDer  is  steam  jacketed, 

Carl  Paal  c£  Creriiiany  v;as  the  first  rm^Vx  to  use 
a  catalyzer  such  as  a  metal  or  its  salt  in  the  re- 
duction of  an  unsaturated  "oody. 

He  says  in  part  that  the  reduction  of  fats  ajid 
unsaturated  fatty  acids  of  animal  and  TegetalDle  origin 
:]iay  "be  effected  "by  allovring  liydrogen  to  act  on  the  fats 
or  fatty  acids  in  presence  of  platinum  metals  or  pro- 
tOi3ydro:^:id  compounds  of  same,  v/hich  have  he  en  deposi- 
ted upon  certain  finely  divided  suhstances  and  act  as 
catalyzers  or  carriers  of  liydrogen.   It  has  nov;  heen 
ascertained  tlos.t  the  reduction  of  the  fats  and  fatty 
acids  ms.y  also  he  effected  "by  hydrogen  in  presence  of 
solid  salts  of  the  v.latinum  metals,    Eoth  the  simple 
salts,  such  as  x)alladiuji:  protocliloride  (Pd  CI2),  Plati- 
num protochlorid  (Pt  CI2),  platinum  clilorid  (Pt  CI4 )  , 
platinum  hydroclilorid  (HgPt  Cle),  platinum  sulpiiate; 
and  the  douhle  salts  for  instance  potassiujn  chloro- 
pla.tinate  (I-^PtClg),  copper  platinochlorid,  m^y  he  used. 
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Wiien   tlie  dou'Dle  salts  are  used,  care  must  "be 
taken  that  no  anticatalytic  substances,  such  for 
instance  as  lead,  find  their  v,ay  into  the  reduction 
cliamber.  Use  xaerj   "be  mside  of  salts  \;ho&e  acid  radials 
or  oth.er  constituents  are  themselves  reduced  Tdv  hy- 
drogen, for  e^cample  acid  xjlatinous  oxalate. 

All  th£it  is  necessary  to  insure  the  action  of  the 
solid  salts  of  the  platinum  metals  is  that  they  must  te 
present  in  the  solid  fomi  during  the  progress  of  the  re- 
action.  The  salts  nmy  also  "be  added  to  the  fats  is  a 
dissolved  condition,  for  exa2ftj,;le  in  an  aqueous  solution, 
the  solvent  being  evaporated  before  or  at  the  beginning 

of  the  reduction  process.  A  suspension  of  the  solid 
salts  may  also  be  used,  ITor  e:;-s,mple  the  salts  of  the 
platinum  metals  may  be  triturated  v/ith  the  fat  or  oil 
tliat  is  to  be  reduced,-  Again,  for  example,  a  suspension 
of  the  sa.lts  in  hi'^droca.rbons ,  or  mineral  oil  products, 
may  be  prepared,  and  this  mixture  be  added  to  the  sub- 
stances tlmt  e.xe  to  be  reduced,  in  ".."hich  case  the  sus- 
pensory medium  iriay  be  eliiiiinated  during  the  process  of 
reduction,   A  single  salt  of  a  platinum  metal  may  be 
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used,    or  several   salts  and  even   several  platinum, 
nietals  may  Toe  mixed  togetiier:   and  tlae   salts  may 
also  "be  used  in  isxonjunction  \;itla  the  platinum  metals 
\'h.ich  have  "been  deposited  on  carriers,    devoid  of 
anti-catalytic  action,    such  as   copT)er,   nickel  carToon 
or  magnesium  carbonate.        It   is  proToable  that.,   during 
the  process,    the   salts   of   the  platinum  metals  are   split 
up  into  metal  and  free  acid, 

Pd  CI2   -l-H^  =  Pd  4-2   H  CI 

In  any  ce,se  hov/ever  the  solid  platinum  metal 
salts  greatly  facilitate  the  absorption  of  h^y-drogen 
by  fats  and  fgitty  acids.   Very  sme.ll  quantities  of 
the  plE.tinum  metal  salts  are  sufficient  to  reduce 
large  quantities  of  fat  or  fatty  acids  in  presence  of 
hydrogen, 

V/hen  the  reduction  process  is  completed  the  pla- 
tinumi  metals  or  their  compounds  ca.n  be  easily  separated 
from  the  molten  reduced  fat  or  fatty  acid  by  filtration, 
and  used  again,  either  directly  or  ajfter  conversion  in- 
to th6  solid  state,  as  catalytic  agents  for  the  reduction 
of  fresh  quantities  of  fat  or  fatty  acid. 

If  it  is  desired  to  prevent  the  forms,tion  of  free 
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acid,   as  for   e:aimple,   laydrocliloric  acid  from  the 
ciilorids   of  tlis  platinum  metals,    in  tlae  reducing 
process,   all  tliat   is  needed  is   to  add  to   tlie  pow- 
dered platinum  metal  salts  a  neutra.li2;ing  agent, 
such,  as  anhydrous   soda,    in  su-ff'icient   quantity  to 
corn'oine  \;ith  the  IToerated  acid..  The  addition   of 

salts   of  the  platinum  metals  assists  the  reduction 
process   consideralDly  more   than  is  done  Toy  palladiujn 
Tolaclc   or  iilatinum  iDlack  containing  an  sjnount   of  pla- 
tinum metal  equal  to  that   in  the  pla.tinum  metal   salts 
added  in  the  present  method.        Thus,   for  e:^uainple, 
1,7  parts   of  Pd  CI      (=   1  part   of  Pd)    in  presence   of 
hydrogen  v.-ill  convert   10,000  parts   of  fat   or  fatty 
acid  into   solid  ms^sses  within  3   to  4  hours.        If,   ho\7- 
ever,   the  Pd  Cl^,  he  replaced  hy  a  quantity   of  palladium 
hlack  containing   the   sarue   amount   of  palladium,    then 
with  a  ratio   of   one  part   of  Pd  to   10,000  parts   of  fat 
or  fatty  acid',   these  suhstances  v/ill  rerns.in  liquid,    even 
'.:hen  the  palladium  and  laydrogen  are  a.llowed  to  act  for 
t;;ice   or  three   times  as  long  as   in  the   e:q;eriment  v;ith 
Pd  CI2.        Under  these   e^q.-erimsntal  conditions  no  ap- 
■oreciahle  action  taies  pla.ce  when  an  attempt   is  ma,de  to  - 
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replace  the  palladium  salt  "by  palladium  'black, 

Tlie   time  required  for   tlie   reduction  depends 
on  the  amount   of  the  plcitinum  metal   salt  used  and  on 
the  pressure  under  v;hich  the  liydrogen   is  allo\ired  to 
act,       Ey  usin^  a  palladiujn  salt  as  the  liydrogen  car- 
rier,   a'cout   50,000  parts  of  fat   or  unsaturated  fatty 
acid  can  "be  hydrogenized  v;ithin  from  6   to  8  hours  v/ith 
a  quantity  of   salt, for   example  Pd  CI.-,,    corresponding 
v/ith  one  part   of  Pd, 

Example:        One  million  parts  "by  v/ei^ht   of   oleic 
acid  are  treated  \;ith  thirty-four  parts  "by  weight  of 
dry  palla,dium  protochlorid   (~   20  xJc^rts   of  Pd)    in  the 
form  of  pov;der  v/ith  or  \/ithout   the   equivalent  amount 
of  anhydrous   soda;    or  vitYi  a  140  parts  T:^'-  v/eight   of 
dxy  platinum  protoclilorid,   all  V7ith  or  v/ithout  addi- 
tion of  equivalent  amount   of  a,nlT;>'drous   soda.        The  mix- 
ture  is  placed  in  a  pressure  vessel,  from  v;hich  the  air 
is   exliausted  as   connjletely  as  possilDle,   and  hydrogen  is 
then  adjTiitted  into   the  vessel  under  a  pressure   of  2  to 
3  atmospheres.        The  reduction  mixture   is  preferably 
kept   in  motion,  v.'hich  can  he   effected  Toy  means   of  a 
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stirring  e.pparatus  arranged  in  the  pressure  ves- 
sel.  The  vessel  is  heated  to  80°C,  although  the 
reduction  may  "be  carried  out  at  a  lov;er  temperature. 
The  progress  oi"  the  reduction,  that  is  to  say  the 
consumption  of  h;>'drogen,  is  revealed  bj'-  the  fall  in 
pressure  as  indicated  "by  the  pressure  gauge,  T.Taen 
the  gauge  registers  only  a,  lov/  -pi'essure  a  fresh  quan- 
tity of  iiydrogen  is  admitted.   The  completion  of  the 
reduction  process  can  Toe  recognized  "by  the  gas  pressure 
remaining  constant  for  some  considerable  time, 

Mose  V'irousche\/itsch  of  P;ussia,  uses  for  the  re- 
ductive oleic  acid,  a  series  of  cliairroers ,  steg,m  jacket- 
ed and  maintaining  a  temperature  betv/een  100^  and  150°C, 
The  oil  catalyzer  and  liydrogen  are  sprayed  in  under  a 
pressure  of  9  atmospheres.   The  jjressure  is  gradually 
lov;ered  in  the  follov/ing  chsmibers.The  degree  of  reduc- 
tion he  gets  depends  on  the  chc'.ruber  from  \7hich  he  dra-v;s 
the  fat.   1^'^e   last  cliamber  contains  completely  reduced 
fat. 

The  hydrogen  from  the  last  chamber  is  returned  to 
the  process. 

The  catalyzer  is  recovered  by  centrifugal  action. 
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regenera-ted  and  returned  to  the  process,   Tliis 
catal;v'zer  is  evidently  a  colloidal  suspension, 

Carleton  Ellis  of  United  States  loas  a.  pro- 
cess v/herety  lie  uses  practicallj"  th.e  same  catalyzer 
as  others  "but  lias  a  counter  stream  of  oil  and  cata- 
lyzer against  a  streajn  of  hydrogen  in  a  long  and  nar- 
row'/ tu"be, 

I'red'  Bedford  of  England  has  a  ne\/  process  where'by 
he  uses  nickel  oxid  in  suspension.    The  hydrogen  is 
forced  ±n   tlixu  the  perforated  hottom  and  up  thru  the  oil. 
The  chamber  is  heated  "by  e.  closed  steam  coil  0,5  Kgs, 
of  fine  nickel  o:iid  reduce  50  liters  of  oil  in  5-2-  hours. 
The  ojcid  is  not  reduced  in  this  process.   He  also  uses 
cohalt  o::id, 

A,  A.  Shukoff  of  Russia  pa.sses  nickel  carloonyl  in- 
to the  oil  to  "be  suhjected  to  the  action  of  hydrogen 
at  a  temperature  ahove  the  decomposition  point  of  nickel 
car'oonyl. 
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PART  IV, 
xuncLamentals   of  preceeding  tlieory  and  practice  to 
to  "be   considered  in  carrying  on  e:-rcerimental  \vork. 
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After  reviewing  th.e  raricas  theories  and 
work  of  men  in  the   field  of  jjure  and  applied 
science,  one  forms  and  opinion  as  to  h.ov;  one 
v;ould  attack  the  prolDlem  of  "The  Reduction  of 
CottonseedOil,"  "based  on  the  theories  of  chemis- 
try, mechanics,  electricity  and  design  involved, 

jTiAn  organic  'oody  having  one  or  more  carToon 
atoms  with  a  doulole  "boitd  a,nd  knov/n  as  an  unsatu- 
rated "Dody  is  under  certain  conditions  easily  re- 
duced to  a  saturated  compound. 

The  conditions  most  favoraTole  for  addition 
of  H  to  the  C  are  not  fully  understood.   The  con- 
stituent of  this  reduction  \;hich  is  the  hardest 
to  control  and  a'cout  which  there  is  the  least  known 
is  the  catalyzer. 

There  are  certain  elements  -./hich  seem  to  have 
greater  cataly2-ing  po\vers  than  others.  Its  chemical 
and  physical  state  are  also  large  factors  in  the  ac- 
tion. The  element  in  a  finely  divided  state  is  the 
most  efficient.  3y  finely  divided,  we  mean,  so  di- 
vided that  when  in  a  \;ater  solution  s.nd  placed  under 
a  microscope  the  finely  divided  or  colloidal  suspen- 
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sion  appears  as  a  honogenous  licuid.    The  most 
ef.ficient  meta,!  is  palladium  follov/ed  closely  ■by- 
platinum  and  nickel.   So  little  v/ork  has  "been 
done  to  date  on  the  suToject  of  the  catalytic  ac- 
tion of  metals  that  in  a  fev;  years  v/e  zm.y   find 
metals  far  more  efficient  than  the  aToove, 

Another  method  of  suspending  the  catalyzer 
is  "by  means  of  Kieselgulix  or  infusorial  earth. 
This  is  done  "by  treating  the  TCieselguhr  v/ith  a 
solution  of  the  salt,  drying  and  comminuting  the 
product. 

The  o'bject  in  preparing  the  catalyzer  is  to 
present  as  large  a  surface  as  possible  to  the  oil. 
Therefore  the  m.ore  finely  divided  the  larger  the 
surface  presented  liy  a  given  amount  of  the  metal. 

The  oil  itself,  or  the  vapor  ms,y  he  hrought 
into  contact  vath  the  cata,lyzer.    The  oil  deccm- 
poses  at  270° C,    The  temperatures  at  "-./hich  the 
reduction  is  carried  on  varies  from  100°  to  300°C, 
The  most  successful  conimercial  process  keeps  the 
temperature  at  150°C  to  160°C,    The  refined  oil 
is  the  most  desirahle  to  use  as  it  doss  not  form  a 
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tarry  coating -on  the  catalyzer  as  soon  e.s   the 
crude  oil.   This  tarrj^  coating  rneJces  the  cata- 
lyzer side  and  then  it  has  to  "be  regenerated.   It 
is  very  desiraTole  to  "bring  the  oil  into  the  reduc- 
tion chaxiiber  in  as  finely  divided  condition  as  pos- 
sible.  This  is  accoiaplised  "by  nujnercus  screen  pad- 
dles or  atomizer. 

The  hydrogen  is  used  ujider  a  pressure  of  from  9 
atmospheres  to  less  than  one  atmosphere.   The  hydrogen 
may  "be  introduced  in  the  form  of  water  gas,  or  mixed 
'.rith  steam,  or  mixed  v;ith  air.    In  aliiiost  all  cases 
the  h;>'drogen  leaving  the  reduction  cliamher  is  returned 
to  the  process.   The  hydrogen  must  escape  to  some  ex- 
tent for  these  are  undesirahle  gases  formed  during  the 
reduction  ^;hich  must  te  aloov:ed  to  escape  and  therefore 
they  must  carry  some  liydrogen  with  them, 

■^Jnile  these  processes  are  many  end.   varied  in  de- 
tails they  are  all  striving  tov/ards  the  most  intimate 
contact  of  cottonseed  oil,  hydrogen  and  catalyzer  at  tiie 
test  temperature  for  the  most  efficient  result. 
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PART  V. 
Method  of  procedure  in  fne  reduction  of 
cottonseed  oil. 


PLATE  I. 


Method  of  Procedure. 
Introduction. 
After  an  ej-diaustive   investigation   of   tlie 
literature  and  securing   of  all  availa^ble   data 
concerriinj  tlie  reduction  of   cottonseed  oil  a  plan 
for  carrying   out  tliis  reduction  v/as  draam  up, 
Tlien  after  looking   over  the  ava.ilalole  apparatus 
and  material  at  hand  another  pla,n  of  action  was 
dra\m  up.  Se  veral  of   these  plans  \vere   --/ritten 

as   the   deta,ils  \;ere    studied  and  \/e   thougVit  we   could 
improve   the  process,  IX;.ring  operations   the  plans 

and  methods  Mere  frequently   clianged. 

Apparatus  for  Reduction  and  I'iltering, 
A  photograph  of  this  apparatus  is  sho\m  on 
page       Plate   I,        The  jnachine  v/as  "built  v/ith  sim- 
plicity as   the  main  oToject.        Too   complicated  a 
machine  v;ould  require   too  much  time   in  construction. 

The  reduction  ch&jn'oer  was  made  very  long  in 
proportion  to  the  diameter.        As   the  hydrogen  enters 
the  hottom  tl-iru  a  1/4"  pipe  and  passes  up   triru  the 
oil   it  keeps  the  catalyzer  and  oil  v;ell   stirred.        The 
liyd.rogen  is  in  contact  with  the   oil  for  a  long  time, 
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due  to  the  ratio  of  length,  of  claaiiiber  to  dia- 
meter of  chaiiiber.    There  is  a  thermometer  tuloe, 
pressure  gauge  and  l/4"  pipe  connected  to  this 
ciiamber  at  the  top. 

All  gases  are  a'bsor'bed  to  some  extent  'oy   all 
liquids,  the  amount  of  gas  a'bsorTsed  varying  great- 
ly \7ith  the  nature  of  the  gas  and  also  v;ith  that  of 
the  liquid,   A  given  gas  is  aTosorbed  "oy  a  given 
liquid  to  a  very  different  extent  under  different 
conditions.   It  is  v/ell  kno'.rn  that  the  greater  the 
pressure  to  v;hich  the  gas  is  suDjected,the  larger  the 
aniount  dissolved.   According  to  Iienr;/'s  la'.:,  the 
amount  of  gas  dissolved  "by  s.  liquid  is  proportional 
to  the  pressure  to  -//hich  the  gas  is  su'cjected. 
This  law  hs.s  "been  tested  a.t  pressures  ranging  from 
one  to  four  atmospheres  and  v;as  fou-nd  to  hold  quite 
closely. 

The  preHsure  gauge  thus  gives  the  pressure  under 
v;hich  the  hj'drogen  is  \;orking,  and  "by  means  of  the 
theniiometer  cup  the  temperature  of  the  oil  may  "be 
determined. 

It  v;as  thought  at  first  that  illurainating  gas 
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v;laich.  contains  30v-.  H  could  Toe  used.   This 
idea  was  abondoned  because  of  th.e  lov;  pressure 
in  th.e  gas  mains  and  no  mesons  ox  pumping  it  into 
tlie  reduction  clianiber  under  pressure. 

Pure  hi/'drogen  gas  in  cylinders  containing 
320  cu'oic  feet  under  150  atmosx^'neres  v:ao  used. 
The  hydrogen  passed  from  the  cylinder,  thru  meter, 
safety  flask,  Talve  and  into  Toottom  of  reduction 
chamToer,   Prom  the  top  of  the  reduction  o).iBxn!oex 
the  gas  passes  out  thru  a  1/4"  pipe,  thru  safety 
cliai'iiber  and  gate  valve  to  the  atmosphere. 

By  means  of  valves  live  steam  or  air  could  be 
turned  into  the  reduction  clian-iber  tliru  this  1/4," 

pipe. 

The  reduction  chamber  was  steaiu  jacketed  and 
requipped  v;ith  gsuuge. 

The  filter  rjress  was  the  same  as  the  reduction 
chainber,  except  that  it  v/as  shorter  and  hs.d  a  flange 
union  at  the  bottom  for  a  perforated  plate  and  can- 
vas. 

By  air  pressure  the  oil  from  the  reduction  cham- 
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Toer  v;as  sent  to  the  filter  press  thru  a  pipe 
in  the  "bottom  of  the  reduction  chaiifiber  to  top 
of  filter  press. 

The  filter  press  could  "be  worked  automatical- 
ly and  inde^riendently  of  the  reduction  chainber. 

This  filter  press  worked  too  slov/ly,  due  to 
the  earth  clogging  the  canvass.   It  took  four 
hours  and  15  minutes  to  filter  press  1000  c  c  of 
product. 

The  iDest  press  for  this  purpose  is  a  hydra-ulic 
press,  using  iDags, 

Preparation  of  Catalyzers. 

Colloidal  Suspension  of  Platinum  in  Y'ater, 

To  prer).-.re  a  colloidal  suspension  of  platinura 
in  v/ater ,  tv/o  platinum  wires,  one  millimeter  in  dia- 
meter and   weighing  1,2834  grains  were  used,   A 
small  crystalizing  dish  3,2  cms.  deep  and  6  cms,  in 
diameter  was  used.   Each  platinuin  wire  v/as  1.5  inches 
long  and  connected  bo  the  electric  mains  "by  the  or- 
dinary set  screw  splices,   A  voltmeter  was  connected 
to  read  the  drop  across  the  pla,tinum  wire.   An  am- 
meter was  connected  in  series,   A  single  pole,  single 
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PLATE  II. 
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tliro^ir  knife   sv;itch.  v/as   cut   in  tiae   circuit 
close  at  hs.nd.  for   opening  circuit  wlaen  the 
platinuiii  •v/ires  fused  together.        After  much, 
experiraenting  I  v;as  able   to  nmintain  a  fair- 
ly  constant  arc  "by  a  rapid  moYenient   of   the  hands 
so  as  to   cause  a  ;;uick  rnalce  and  Toreak,      The  am- 
peres remained  constant  as  well  as   the  voltage. 

Ainperes  Volts 

2,4  58 

The   drop  before  action   over   the  line  was  115 

volts,. 

Holding  the   tv;o  platinujn  -aires   in  ray  hajids 
v/ith  all   other  points   on  the   circuit   closed  and  using 
D.G.I,    irmnersed  the  tv/o  platinum  points  1/2"  'belov/ 
surface   of  the  \/ater.        This   closed  the   circuit, 
and  then  v;as   quickly  broken.        An  arc  v/as  thereby 
formed.        At  first   the  arc  was   obtained  \rit}i  great 
difficulty.        Darks  clouds  rolled  away  and  gave  a 
dark  brov-'n  color  to   the  \/ater. 

The  temperatures  of  the  tips  of  the  platinum 
wires  determine  the  (quality  of  the  arc,  V.hen  the 
points  became  red  there  was  little   of   the  platinum 
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zoing   into  solution  and  t-ie  v/ires  tended  to 
fuse  togetlier.   Again  .tl-ie  more  rapidl^r  and 
Tiolent  th.e  contact,  and  the  shorter  the  arc 
the  more  efficient  the  ^jrocess, 

ITo  o;:ide  formed  on  the  platinum  -.-'ires.  A 
heavy  iDlack  deposit  occurred  on  the  anode  -vire. 
This  is  platinum  Tolack.   Also  a  globule  v/as 
formed  on  the  cathode.   A  slight  deposit  of  pla- 
tin^jun  "black  occurred  on  the  anode  v/hich  as  the 
action  v;ent  on  hecame  pointed  thus  sho\iring  that 
the  metal  v/as  "being  torn  off  the  cathode  and  part 
going  into  solution  and  part  depositing  on  anode 
as  platinum  a,nd  platinum  "black. 

The  temperatura  of  the  v/ater  rose  rapidly. 
This  caused  a  fairly  rapid  evaporation  of  the  v;ater. 
There  v/as  a  loss  of  solution,  due  to  splattering, 
\7hich  was  not  appreciable, 

Reading  of  a-iimeter  and  voltmeter  taken  at  ms^ci- 
mum  deflection. 
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E  I 

80  0.6 

10  1,2 

35  0.6 

35  1.0 

30  1.6 

10  0  ..6 

5  0.8 

15  2.0 

5  0.8 

5  0.6 

5  2.8 

5  3.4 

5  3.6 

30  2.6 

40  0.6 

20  2.8 

25  2.8 

5  2.4 

15  0.6 

5  3.4 

5  2.0 

5  1.6 

3  2.6 

2  2.4 

5  2,6 

1  2.6 


Tliese  arimeter  and  Toltmeter  readings  v;ere 
not   taJcen  at   the   same   time. 

Tlae  arc  was   silTerv  v;laite  and  illuminated  the 
solution  so   that   the  fine  particles   of  platinun: 
sparkled  \7ith  a  silvery  v/hite  luster,    so   tha.t   the 
solution  hj.d  the  appearance   of  the  heavens  at  ni.^ht 
v;ith  a  myriad  of   stars,  tv/inkling.       As  the  particles 
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were  scintillating  tliru  the  solution  th.ey  form- 
ed  an  intarestin-  sigh.t.    Tlie  arc  xormed  is 
from  0,5  ra.m,  to  1,5  ra.m. 

This  water  solution  was  filtered  tliru  "barium 
sulphate  papers  to  remove  the  coarser  particles 
v/hich  were  torn  off  "oy   the  arc.   The  difference  in 
weight  of  tjie  platinum  :/ires  "before  and  after  arcing 
minus  the  v/eight  of  the  ignited  filter  paper  give 
the  6jnount  in  the  form  of  a  colloidal  suspension. 
One  gram  of  this  colloidal  platinum  reduces  10000 
grams  of  oleic  acid. 

Colloidal  Suspension  of  Platinum 
in  Cottonseed  Oil, 

In  this  case  we  used  refined  cottonseed  oil. 
The  arc  in  this  ce.se  appeared  to  iDe  yellow  and  v/as 
'olinding.   Rapid  action  v/as  imx^ossiTole  due  to  the 
hlinding  action  of  the  arc.   Dense  "black  deposits 
\7ere  formed  on  the  electrodes.    This  was  due  part- 
ly to  platinum  "black  and  partly  to  decomposed  h;>'dro- 
car'bons  caused  by  the  heating  effect  of  the  arc. 
It  v/as  necessary  to  shift  the  arc  to  avoid  raising 
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the   teiiiperature  to   tlie  fls.sh.  ijoint  and  c?.using 
droirping  of   tlie   oil.        This  jnade   it   dc^ngerous 
for  the  -./orl-cer  ''oecause  hot   oil  feels  uncorrifor- 
talDle   on  the   skin  and  in  the   eyes. 

Dark  "black  fuiiies  v;hich  are  hea,vier  tlian  air 
rose   and  fell   over   the   sides   of   the   dish,        A 
quick   contact  produced  a  cloud  of  platinum  pa.rti- 
cles  v/hioh  rose   to   the  surface   in  the  form  of  a 
"black  ring.        It  v;as  necessary   to   stir  the   oil 
to  get   the  platinum  mixed.        The  jparticles  did  not 
travel  as  fast   in  oil  as   in  './ater,    due   to   the  vis- 
cosity of  the  oil.        Tlie   colloida,l  suspensions   in 
water  and  oil  \/hen  placed  under   the  microscope  appear- 
ed to  "be  homogenenous. 

Colloidal  Guspension  of  ITickel  in 
Oil  and  in  V.uter, 

In   this  case  nickel  \,''ires  '.;ere   used  for  electrodes, 
^7aen  an  arc  v;as  formed  "black  clouds  rolled  away  which. 
on  further   investigation  proved  to  "be  ITigOg,     Evi- 
dently v;here  a  metal   oxidizes   easily   it  ^/ill  form 
the  oxide   instead  of  a  colloida,!  suspension. 
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Prexjaration  of  C?,talyzer  using 
r'iesel£;uh2:. 

In  t\io   runs  trie  catalyzer  consisted  of 
tviTo  parts  nickel  and  four  pci-rts  clay,  made  as 
follov;s:   ITickel  nitrate  v/as  conminuted  v;ith  the 
clay  and  roasted  antil  tlie  nitric  acid  vras  driven 
off,    Th.e  product  v;as  again  coiiiininuted  and  put 
tliru  a  100  mesli  screen.   Inougli  cla.5^  v/as  added 
to  th.e  oil  to  laaye  6'/^   nickel  oxide  present.   There 
was  organic  iiia-tter  in  the  clay  -..-hich  in  these  cases 
\7as  not  entirely  ourned  out.   The  proportion  "be- 
tv/een  Kieselguhr  and  nickel  varied,  as  there  are  on 
the  market  many  varieties  of  kieselguhr  of  diverse 
specific  gravity  and  alosorption  power. 

The  ne;:t  catalyzer  v;as  made  as  follows: 
Hickel  nitrate  solution  "v;as  mixed  -./ith  kieselguhr 
30  as  to  hfive  one  part  nickel  to  4  parts  clay.  This 
v/as  made  into  a  thin  mud  '03^  the  addition  of  water, 
and  then  dried,   IStax   drying  it  \7as  ground  in  a  mor- 
tar to  pass  a  100  mesh  screen.   The  product  v;as  then 
roasted  to  drive  off  all  nitric  acid  and  organic  mas- 
ter.   It  v;as  a-ge.in  comminuted  ana  v;as  very  easily 


kept   in   susjsension  in  v'ater  and  oil.        In 
tiiis   cevtalyser  tlie  nickel  \ia,s  in  a  finely  di- 
vided sta,te  and  offered  great   surface  for  a 
given  \;eigh.t.        It  iias  "been  ascertained  that 
nickel  firmly  and  evenly  deposited  up6n  a  volu- 
minouis,   pulverous  inert  me.terial  exercises   in 
a  fluid  medium  a  fc.r  more   energetic  action  and 
livacli  longer  retains   its  vitality  tlian  an  equal 
weight   of  pure  metal  in  the  finest   state   of 
division  procura'ale. 

Run  ilo,   I, 
Compressed  air  was  "olovm  tliru  the  machine 
to   clean  out  all  pexticles  of   dirt.     Live   steam 
was  next  "olov/n  thru  to   clean  out  all  cejiient  used 
in  maJcing  the  various   joints  tight.  Live   steam 

v;as  then   turned  into   the   steam  jackets.      800  c.c, 
of  cottonseed  oil  v;as  poured  into   the  reduction 
cliariiber  and  all  valves   except   the  vent  v/ere   closed. 
The   temperature  v;as  "brought  up   to  130°C.        This  was 
continued  for  2  1/2  hours,   and  then  run  off  "by  means 
of  a  valve   in  the  "bottom.        This  coated  the   inside   of 
the  iTiachine  \;ith  oil,   and  also  helped  to  remove   im- 
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purities. 

Then  rueasuring  out  950  c.c.  of  Armour's  re- 
finsd  cottonseed  oil  and  addinr  catalyzer  con- 
taining t\70  parts  nickel  oxide  to  four  pairts  cl8.y, 
and  so  as  to  have  i;^  of  nickel  oxide  "by  v/eight  in 
the  oil.   It  v:as  thoroughly  raixed.   Tsie   catalyzer 
sho-.ved  no  tendency  to  settle  out.   This  mixture 
was  poured  into  the  top  of  the  reduction  chamber. 
The  vent  valve  was  left  open  p.nd  the  temperature 
"brou-rht  up  to  130°  C  at  50  pounds  steain  pressure. 
The  hydrogen  v/as  turned  on  and  passed  thru  the 
meter  into  the  "bottom  of  the  reduction  chaxiber, 
up  thru  the  reduction  mixture,  thence  thru  the 
safety  chajriber  and  thru  the  vent  valve  to  the  at- 
m^osphere,   Water  vapor  could  "be   seen  coming  from 
vent  pipe  and  there  was  an  odor  cliaracteristic  of 
hot  cottonseed  oil.   A  reading  of  the  meter  v/as 
taken.   33,45  culoic  feet  of  hydrogen  v/ere  used  in 
this  run  -.;hich  lasted  three  hours  and  fifteen  min- 
utes.  Samples  of  the  oil  vrexe   taken  every  hs.lf 
hour, 

.After  some  time  it  was  discovered  tliat  the  oil 
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v/as  disappearing.  Tlie   temperature  was  not  Mgli 

enough  to  va.porize  much,  of  it  and  the   c[uestion  v;as, 
"'■/here  had  the   oil  gone?"        The  meter  liad  run  con- 
tinually hut  not  fast  enough  so  tlic.t   the   oil  load 
gone   into   the  ineter,        lliis  was   the  end  of  this 
run,        A  safety  flask  was  placed  hetween   the  meter 
and  reduction  cliaiiiber  to  i^revent  further  trouhle 
of   this  kind. 

Run  ITo,   2, 
In   this  run  1000   c.c,    of  refined  cottonseed  oil 
v/ere  used.       Enough  of  the   catalyzer  v;as  used  to  form 
l/i  of  nickel   oxide  hy  v;eight    of  the   cottonseed  oil. 
The   duration  of  this   run  was  6  hours  and  82.1  cu-oic 
feet   of  hydrogen  v;ere  used. 

Time  TemiDerature  °C  Pounds  Steam 

2:00  130OC  ~  40 

2:30  135°  60 

3:00  128°  45 

3:30  131°  55 

4:00  128  50 

4:30  132°  65 

1:00  127°  45 

1:30  128  50 

2:00  130°  50 

2:30  132°  55 

3:00  138°  70 

3:30  128°  45 

Samples  V7ere   talc  en  erery  hour.        At   the  end 

of   three  hours  the   sejnple     taken  at   tlis.t   time  vma 
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cooled  in  tap  v;a,ter.    Small  \/h,ite  crystals  se- 
ps.r&ted  out  and  th.e  oil  v/as  -ciQudy.   Al'ter  some 
time  it  v;as  thouglit  that  these  ija.xt±cl3S   might  "be 
stearin  crystals.   As  it  requires  much  time  and 
a  lovf  temperature  to  cliill  the  stearin  out  this  v;as 
not  attempted,   A  tu"be  of  original  oil  and  three 
tulles  of  product  './ere  fro2;en  for  fifteen  minutes 
"by  C  O2  gas.   After  the  oil  \/as  v/armed  small  v/hite 
crystals  v/ere  found  on  the  sides  of  the  test  tuToe 
containing  the  product  only.   Also  the  product  was 
cloudy  v/hich  was  due  to  a  slight  separation  of 
stearin  crystals. 

These  crystals  could  tie  placed  under  a  micro- 
scope and  the  structure  noted  v/hich  v/ould  determine 
its  identity. 

The  most  accurate  method  is  to  take  the  iodine 
nujiiber  of  the  original  oil  and  of  the  product  a.nd 
thus  it  y/ould  give  a  quantita.tive  result  as  to  the 
quantity  of  oil  reduced.   This  v/as  done  as  sho\/n  in 
Results,   The  calcule^ted  iodine  value  of  refined 
cottonseed  oil  is  111,  "but  actuei.1  experiment  shows 
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It   to  Toe  150.        It   is  not   just  fully  understood 
v;hy  tlie  discrerjany.        It  rrd-ht  Toe   due   to  fornetion 
of  iodine  addition  ijroducts  along  th.e   carToon  cliain. 
F.un  iTo.3. 

In  this  run  4  parts   of   clay  and  one  part  nickel 
oxide  v;ere  used  as  descriToed  under  catalyzers, 

1000   c,c,    of   oil  was  used.        This   catalyzer 
seemed  to  Toe  all  t]ria,t   could  'oe   desired.      Tlie   earth 
v.'as   evenly  coated  and  had  Toeen  heated  to  redness, 
cormiiinuted  and  passed  tiiru  &  100  mesh  screen.        It 
remained  in   suspension  for  one  hour  v;ithout  attempt- 
ing to   settle. 

This  reduction  mixture  \;as  poured  into   the  re- 
duction  cliaufcer  at  1:00   o'clock. 

Time  Temperature         Pounds   Steam 

1:00  125°C  50 

1:30  128° C  45 

At  1:45   the  supply  of  hj'drogen  gave   out  e^ter 
having  given  up  152,25  cuToic  feet  against   the  320  \/hich 
it  viras   supposed  to  deliver.        The  machine  was   shut  doim 
until. more  hydrogen  could  Toe   o'ctained. 
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Conclusions, 
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Conclusions. 

The  amount   of  stearin  in  tlie  products 
of   th.e   different  runs  varied  \;ithin  \:ide  limits. 
Tlie  product   of   the   third  run  showed  the  greatest 
l^ercentage   of  stearin. 

The  principle  actors  \;hich  determined  the 
ainount   of   stearin  _^:roduced  v;ere ,    time   of  l:;7dro- 
genisaticn,   -pressure   of  the  hydrogen,    si2,e   of  the 
particles   of   oil  and  catalyzer  tempere-ture ,   and 
the   intimacy  of   contact   of  the   oil,   hydrogen  and 
catalyzer. 

There  must  "be  no   elements  present  \;hich  ^/ould 
cause   the  catalyzer  to  lose   its  pov/er. 
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S,  Pokin,  Zeitschrift  fur  Elektroclieirde ,  12,  749-762, 
Oct.  12,  1906. 

Plectrolytic  reduction  of  fatty  £tcids( oleic  acid) 
using  cathodes  of  Tarious  metals.  Also  mixes 
oleic  acid  v/itli  various  lic^uids  and  treats  \.'itli 
streaiji  of  liydrogen  in  presence  of  ITi ,  Pt ,  Pd,etc. 

J.  Peterson,  leitsclir.  fur  Elektrcclienie,  11,  549-553,  Aug, 
25,  1905.   Reduction  of  oleic  acid  to  stearic 
acid  "by  electrolysis. 

Bedford  ':   Tilliams,  Eritisli  patent  ITo,  3952  of  1910; 

Treats  oleic  acid  -"..'ith  specially  purified  v;ater 
gas,  producer  gas,  or  the  like,  in  the  presence 
of  finely  divided  ITi  to  produce  stearic  acid, 

Erdman,  German  patent  ITo.  211,669,  Ausgegeten  July  13,  1909; 
Sprays  oleic  acid  ty  means  of  coriiriressed  hydrogen 
over  material  carrj'^ing  finely  divided  ITi. 

Erdriian,  German  patent  ITo.  221,890; 

Addition  to  atove,  using  reduced  pressure, 

Paal  5:   Roth,  Berichte  der.  Beutschen  Chemischen  Gesellscli6,ft , 

41,  pp  2282-2291,  June  29,  1908. 

Paal  cz   P.oth,  Bericlite  der  Peutschen  Chemischen  Gesellschctf t , 

42,  pp  1541-1553,  1909, 

¥,  Ipatiew,  lerichte  der  Deutschen  Chemischen  Gesellschaft , 
42,  pp  2021,  1909. 

S,  Pokin,  Chemisches  SentrallDlatt ,  78,  p,  1324;  original 
article  in  Journal  Russ,  Phys.  Chem.  Ges;  39, 
pp  607-9 

VJillstattero:  Ivlayer,  Berichte,  etc.,  41,  p.  1475,  1908, 

S'ahatier  &  Ilailole,  Ann.  de  Chemie,  Ger.  8,  Vol,  16,  vp   77-107, 
1909 . 

S.  Pokin,  Chemisches  ^entreTolatt ,  77,  pp  758-759,  Aug.  29,  1906. 

Lev7l:o\7itsch,  Journal  Society  Chemical  Industry,  27,  pp  490-491, 
i-Iay  30,  1908. 

German  patent  ITo.  141,029  (Same  as  British  patent  1515  of  1908) 
Passes  strong  current  of  I-I  into  heated  mixture  of 
oleic  acid  and  -cov/dered  ITi. 
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Sa"batier  &:  Senderens ,   Articles   in  Comptes  Renclus  De  L'   Academie 
de   Sciences. 


Vol,  124,  pp.  1548 
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1903 
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321 

1906 

Bericlite   der  Deutsch.    Cliem.    Ges.   40,   1281-1907   and  42,   2091-1909, 

Ipatiev:  ;^'.roposes  to  use  finely  divided  copper  oxide 
for  th.e   catalytic  agent   in  th.e  reduction  of   oleic 
acid  as  a  result   of  numerous  experiments. 
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J.    of  A:ner.    Cliem.    Soc.  24-498-1902. 

rdfferent  types   of   catalytic  reactions  illustrated. 
Ey  A,    /.,    IToyes  c;  Cr,   V,    Sarnniet . 

Zeit.   iSlektrochem  9-732-1903. 

Tor   th.e  use   of  catalyzed  reactions   in  tech-inical 
operations. 

By  Cr,   P.odlander. 

Annales   de   Cliimie   et   de  Pli;>-sioue, 
1905   -  Page   323. 

Sa'oatier  &  Sendersns  on  the   catalytic  action  of 
finely  distributed  nickel. 


